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INTRODUCTION
Australia
Australia is a federation of States and Territories in which the powers and responsibilities of State and Commonwealth Governments broadly mirror those of the State and the Federal Governments in the United States. As this applies to the roads sector, it means that each State has responsibility for managing the road system, determining the road laws that apply in that State, and recording information regarding traffic accidents. The Commonwealth Government has a role in funding the National Road Network and providing other funds to State and local governments to assist them in maintaining the road transport system.
The independence of the different jurisdictions leads to differences in traffic engineering practice and to differences in crash data bases which seriously limit the extent to which valid comparisons can be made among States. At present, a major effort is underway to develop a set of uniform road rules that all jurisdictions have agreed in principle to adopt. This should remove the few remaining minor differences among the States. The detailed implications for pedestrian safety are discussed below.
Local Government is responsible for approximately 80 percent of the road network in Australia. These tend to be the less heavily trafficked parts of the network. One important difference with the United States is that the local government's powers to enforce traffic regulations are generally confined to parking and weight restrictions with the traffic policing function being the responsibility of the State. Nevertheless, Local Government has a very useful role to play in improving road safety, particularly pedestrian safety.
Australia covers an area of just under 7.7 million km 2 (3 million mi 2 ), equivalent to 82 percent of the area of the United States. This land mass is occupied by just 18 million people, most of them located in a narrow band running along the eastern and southern coasts from Cairns to Adelaide. Australia is among the most urbanized countries in the world, with almost 40 percent of the population living in two citiesSydney and Melbourne -and with a further 20 percent living in the major State capitals of Brisbane, Perth, and Adelaide.
Like that of the United States, Australia's population is extremely diverse. In 1992, 23 percent of the population had been born overseas, while data from the 1991 Census showed that 1.6 percent of the population was of Aboriginal or Torres Straight Islander descent (Australian Bureau of Statistics 1995). A feature of recent migration has been an increasing proportion of migrants from neighbouring countries in Asia.
Data Systems
Common with most other countries, crashes are reported by or to the police through the medium of a standard report form. Although there is a large degree of commonality, the Australian States differ in the specifics of what information is collected and how it is categorized. States also differ in their requirements to report crashes; for example, except in a few defined circumstances, Victoria requires an accident report only when there has been a personal injury, New South Wales requires a report only when there has been an injury or a vehicle is towed away from the scene of an accident, and most other States require a report when there has been an injury or the estimated damage exceeds a set amount. In practice, the different reporting requirements have little impact on the reporting of pedestrian crashes as nearly all of these involve a degree of personal injury. However, under-reporting of crashes is acknowledged as a problem. A recent Western Australian study of the match between police and hospital records had a match rate for pedestrians of 68.6 percent (Rosman and Knuiman 1994) . This study confirmed many of the usual findings regarding non-reporting of crashes, such as non-reporting being more likely for accidents involving children and less serious injuries. New findings from this study are that match rate varied according to the type of hospital with the metropolitan teaching hospitals having the highest rates and private hospitals the lowest, and that matching rates vary according to ethnicity, with Aboriginal Australians and Asians having lower matching rates than non-Aboriginal Australians, and European-born persons having higher matching rates.
Each State publishes an annual statement of road crashes that have occurred each year. These statements differ considerably in their level of detail and sophistication. The New South Wales statistical statement is probably the most comprehensive and has been issued in its current form for more than 10 years (eg RTA 1994). However, even this publication gives relatively little information specifically about pedestrian crashes -number of crashes broken down by Road User Movement (RUM) code and numbers of pedestrian casualties broken down by severity of injury, sex, and age.
One notable feature of the reporting systems in a number of States is the very detailed coding of crash events, referred to as RUM Codes, or Definitions for Classifying Accidents (DCAs). Crashes are allocated to one of many types of event, defined in terms of a diagram that encapsulates the essential features of the actions of the road users involved in the crash. Similar systems are currently used in New South Wales, Victoria, and Queensland and are under consideration by some of the other States. Australian experience has shown that having this type of classification available in the data base provides a powerful tool that greatly adds to the understanding of crash patterns, some examples of which will be discussed later in this paper.
SUMMARY OF PEDESTRIAN ACCIDENT EXPERIENCE
Pedestrian deaths and hospital admissions for Australia in 1993 are shown in table 1. Pedestrians constitute 17 percent of road fatalities nationally, the proportion ranging from 12 percent to These crashes represent a pedestrian fatality rate of 1.84 per 100,000 persons. This compares with a U.S. pedestrian fatality rate of 2.13 per 100,000 persons for the country as a whole (NHTSA 1996) , and a crash rate for Great Britain of 1.83 per 100,000 persons (Department of Transport 1996). Australia's pedestrian fatality rate is equivalent to the middle-ranking States when U.S. states are ranked by pedestrian crash rates (see NHTSA 1996, chapter 5).
Crash Trends
Since national serious injury data is available for different road user classes only from 1989 onwards, the discussion of crash trends is restricted to this period. As figure 1 shows, pedestrian fatalities have declined from a high of 501 in 1989 to 330 in 1993, a fall of 34 percent. All road fatalities have fallen by 30 percent, from 2,803 to 1,953, over the same period.
Pedestrian hospital admissions have declined by 23 percent from 3,478 to 2,681, and serious injuries to all classes of road users have declined by 24 percent from 28,490 to 21,602. Thus reductions in deaths and injuries to pedestrians are consistent with reductions in deaths and injuries for all road users.
Costs of road crashes
Andreassen (1992) made comprehensive estimates of the cost of road crashes, taking into account the costs of emergency service attendance, medical and hospital costs, loss of earnings, grief, pain and suffering, legal and administrative costs, and vehicle repair costs. One significant feature of this work is its recognition that different types of crash have different outcomes in terms of injuries and vehicle repair costs, and hence costs were calculated for each accident-type separately for urban and rural crashes.
Estimates of the cost of pedestrian crashes were based on data from three types of pedestrian crashes only -the near side, far side, and emerging crash types -and were based on data from New South Wales and Victoria. However, these three types account for the bulk of pedestrian crashes. The estimated cost of a pedestrian crash in metropolitan areas was $A79,300 ($51,545), and in rural areas $A148,800 ($96,720). The latter figure reflects higher speeds in rural areas, with the consequent greater probability of serious death or injury. Only head-on crashes were estimated to cost more than pedestrian crashes. With the exception of head-on crashes, the estimated range of other types of crashes was approximately $A18,000 ($11,700) to $A70,000 ($45,500) for metropolitan crashes and $A23,000 ($14,950) to $A107,000 ($69,550) for rural crashes.
The nature of the pedestrian problem in Australia
Cairney and Cusack (1997) compared pedestrian crashes in New South Wales, Victoria, and Queensland. These three States use similar procedures for coding crashes, based on the approach used in New South Wales and Victoria for several years now, and further clarified and refined by Andreassen (eg Andreassen 1994) . In this approach, a crash is classified as belonging to a particular crash type according to the pattern of road user movements preceding the first collision between vehicles or between a vehicle and a pedestrian. In all, there are some 88 categories to which crashes can be allocated. Of these, nine relate specifically to pedestrian crashes.
Cairney and Cusack found a high degree of consistency among the States in all factors relating to pedestrian crashes, including crash types. These results are summarised in table 2. In all three States, the most common type of crash involved pedestrians being hit on the near side of In general, the proportions of different types of crashes are similar in the metropolitan and other urban areas. However, in rural areas there are fewer nearside, emerging, and far side crashes, but more crashes where the pedestrian has been walking with or against the traffic, and more in the category playing, walking, standing, or lying on the road.
A more detailed picture of the risk factors affecting pedestrians of different ages was produced by a very comprehensive study carried out by the Victorian Road Traffic Authority (RTA) in the early 1980's (Alexander, Cave, and Lyttle 1990). Persons admitted to hospital or treated as an outpatient as a result of being injured as a pedestrian in a collision with a motor vehicle were interviewed. They answered questions relating to trip purpose, circumstances of their crash and contributing factors, and their demographic characteristics. Their answers were then compared with the answers given by matched control subjects, who were asked similar questions, excluding of course the questions relating to accident involvement. The control subjects were interviewed at the same place that the pedestrian had been injured, and at the same time of day. Some of the interviewees had been matched to the injured pedestrian on the basis of age and sex, some not. This provides a powerful way of testing which factors affect risk among pedestrians of the same age group, and testing how much greater is the risk faced by a particular age group.
It was found that people aged 60 to 80 had double the crash risk of younger pedestrians. They were more likely to have been migrants, but no less likely than controls to have English as a first language, suggesting an over-representation of English-speaking migrants. They were no different from controls in terms of marital status, physical disability, or psychological state at the time of the crash. Most of the crashes happened in shopping areas, and 70 percent of victims were shopping or on the way home from shopping. A high proportion had been carrying shopping bags. Pedestrian behavior in these crashes was characterized by a high degree of compliance with traffic control devices and regulations, but an inability to complete crossings in time or to anticipate unexpected actions on the part of drivers.
One primary focus of the study was the role of alcohol in pedestrian crashes (see next section). No matched controls were sought for child pedestrian crash victims, and therefore it is not possible to be confident about which factors are associated with increased risk. However, it was worth noting that 67 percent of this group were males, and 91 percent were born in Australia. While these constitute over-representation in terms of the numbers of these individuals in the population, without the control data it is not possible to say whether this constitutes over-representation in terms of the pedestrians at that site and time. Most of the child pedestrian crashes occurred on the urban fringe, and 51 percent occurred during the period 4-6 p.m. Most of the crashes were mid-block crashes. Of those occurring at intersections, 57 percent had a local street forming at least one leg of the intersection. A child had been crossing the road in 88 percent of cases, 31 percent emerging from behind vehicles, and 20 percent may have spontaneously darted onto the road. Fifty-seven percent had their view obstructed, particularly by parked cars. The crashes were characterized by high traffic density, poor sight distance, distractions, and a lack of supervision.
This study also confirmed the major contribution of alcohol to pedestrian crash causation in Victoria. These data suggest that the risk of being killed while walking is about 12 to 15 times the risk of traveling by car per unit distance, and that walking has almost the same risk of being killed as does motorcycling. However, since walking is so much slower than other modes and the trip length typically much shorter, this is not a meaningful comparison. A different picture emerges It is therefore not possible to estimate meaningful injury rates in the same way as it is possible to obtain fatality rates.
The young and the elderly
Cairney and Cusack (1997) examined the fatality rates for pedestrians and cyclists of different ages across three States. Although there was variation among the States, the rates tended to be high among 5 to 22 year olds, although in Queensland the rate was quite low among the 9 to 17 year olds, then very high among the 18 to 22 year olds, and remaining high among the 23 to 32 year olds. All three States had a high rate among the 58 to 67 year olds and an extremely high rate among those aged 68 and older. Cairney and Cusack also examined rates of hospital admissions and injuries requiring medical treatment. For the reasons discussed above, the injury rates are not directly comparable among States. However, when the data for each State are examined for each State independently, a common pattern emerges for both classes of injury which is similar to the pattern for fatalities. Rates are high between the ages of 5 and 22, then again in the group aged 68 and over.
Australian data confirms this picture of a large difference between the sexes and between age groups for both pedestrians and cyclists. Anderson, Mortesin, and Adena (1989) considered age and fatality rate per 10 7 km (6 mi) in their investigation of fatality rates. Examination of the raw tables indicates erratic trends. Anderson et al undertook statistical modeling of their data to produce regular curves that are readily interpretable. The most easily interpretable are those presented in the appendix of their report, in which the actual crash rates are modeled, rather than the logarithm of the fatality rate which is used ! Early night, late night, and evening rates are higher than day time rates. ! The rates for men are consistently higher than those for women. ! Daytime rates show little variation with age compared to other times. ! Children and teenagers have high fatality rates in the early night and late night periods. ! Older people, especially men, have extremely high fatality rates in the evening and early night.
It should be borne in mind that this data set does not include data from children under 9 years old.
OVERVIEW OF ACCIDENT COUNTERMEASURES AND SAFETY PROGRAMS
With responsibility for operational traffic safety matters divided among eight geographically remote jurisdictions, it is difficult to give a comprehensive overview of accident countermeasures and safety programs for all of Australia.
However, it is probably a fair generalization that pedestrian safety initiatives have been focused primarily on engineering treatments and, to a lesser extent, education. In contrast to other areas of road safety improvement in recent years, such as reducing alcohol-impaired driving and speeding, enforcement has had very little impact. The reasons for this are discussed in section 17. While other classes of road users have benefited in recent years from improved personal protection, backed by legislation requiring the use of seat belts, baby capsules and child seats, and bicycle helmets, there has been no equivalent improvement in the protection available to pedestrians, apart from changes to vehicle front ends. Australian pedestrians may have benefited less from changes to vehicle design than pedestrians in other developed countries. The Australian vehicle fleet is relatively old by world standards, and a low baseline replacement rate for vehicles has been compounded by a sluggish economy in recent years.
Source Documents
There are three basic source documents that cover signs and markings for pedestrian facilities, provision and design of pedestrian facilities, and proposed legislative changes.
The Australian Standard Manual of Uniform Traffic Control Devices and the Austroads Guide to
Traffic Engineering Practice provide a set of guidelines for the control and protection of pedestrians. In practice they are used as guidelines and are not legally enforceable. The draft Australian Road Rules has a number of sections relating to pedestrians. The Australian Road Rules will not be enforceable until legislated by Federal Parliament. It is expected that the Rules will then become an Australia-wide standard, replacing current traffic regulations in each of the states.
Australian Standard (AS) 1742.10 -1990 Manual of Uniform Traffic Control Devices, Part 10: Pedestrian Control and Protection
! This standard sets out requirements for traffic control devices to be used in the control and protection of pedestrian traffic on roads. It specifies the way in which these are used to achieve pedestrian control. The manual includes definitions, installation details, clause references, and references to other applicable standards. Requirements for the illumination and reflectorization of signs, their installation, location, and size are outlined in the appendixes. Details are also included on model instructions for adult supervisors and child monitors at children's crossings, pedestrian-actuated traffic signals, and pedestrian treatments at railway level crossings.
! People with disabilities: People with a vision impairment have difficulty with visual cues and need a strong contrast/delineation between the road and pedestrian areas, usually a physical guide.
Obstructions to their path, such as street furniture and sign posts, can cause difficulties. People with a hearing impairment will rely on seeing vehicles to cross safely and therefore need a clear view.
Wheelchair users need continuous, even, and hard surfaces. Ramps need to have a low gradient, and curb edges need to allow roads to be easily crossed.
! Young children:
The size of young children limits their ability to see and be seen, and this needs to be considered when designing barriers and signs near crossings and on islands. For design purposes, children should not be considered as mini-adults as they do not have the cognition or perception to make sound judgments until approximately 12 years of age.
! The elderly: The elderly have lower walking speeds and reduced abilities, which are often not adequately catered for. Older people tend to be aware of their reduced abilities and so tend to adjust their behavior.
The classification and type of pedestrian facilities are as follows: 1. Time separation; 2. Physical (or spatial) separation; and 3. Integrated facilities (adequate control where integration of pedestrians with vehicles is acceptable).
Time separation These are installed if the degree of hazard warrants imposing regulatory controls on the driver and occasionally on the pedestrian. Conflict is minimized by allowing short-time periods for exclusive pedestrian use of a specific section of road, alternated with vehicle use only of the same section. The treatments covered by this section include pedestrian crossings (zebras), children's crossings, pedestrian's actuated traffic signals (mid block), pelican crossings, and provisions for pedestrians at signalized intersections.
Physical (or spatial) separation/ Physical pedestrian aids These devices are used to reduce the amount of exposure between pedestrians and vehicles. They may be warranted for wide, heavily trafficked roads, where there is not enough pedestrian traffic to justify a time separated device. This simplifies the decisions both groups have to make. Treatments covered here include pedestrian refuges, traffic islands and medians; curb extensions; loading islands, and safety zones; and pedestrian fencing.
Physically separated facilities can provide greater protection for pedestrians and minimum disruption to road traffic. Treatments include subways, bridges, and pedestrian malls.
Integrated facilities
These are applied where the presence of pedestrians or pedestrians with a special characteristic (e.g., school children) may share a road space in a largely unsupervised manner. Treatments include pedestrian warning signs, shared zones, school zones, local area traffic management schemes, and lighting.
Austroads Guide to Traffic Engineering Practice, Part 13: Pedestrians
This publication is a guide for designing pedestrian facilities, which takes into account the requirements of the various Australian standards and road design guidelines, and which gives detailed consideration to the requirements of groups with special needs. It assists in the interpretation and application of the different standards dependent on the situation. This ensures that the traffic control and safety schemes introduced are directly applicable to all potential users. Pedestrians are considered vulnerable road users and represent a significant portion of serious road injuries and fatalities. Their risks may be reduced with simple safety measures.
This document aims to remind designers that pedestrians have a different range of capabilities, behaviors, and attitudes. It particularly highlights important design factors to be considered for those who do not fit the normal pedestrian profile, such as the sight and mobility impaired, young children, and the elderly. It shows how these groups can be catered for in roadway environments encountered by pedestrian traffic.
When designing pedestrian facilities, the nature of pedestrian demand needs to be ascertained. This involves considering the flow and depth of pedestrians, journey origins and destinations, purpose of trip, and peak times. A strategy incorporating all aspects of pedestrian comfort, convenience, and safety can then be adequately developed. The Austroads document aims to assist designers with consolidation of practices used in different states and, where applicable, overseas. It is designed to be a source document for guidelines, standards, and practices, as well as recommendations. With this in mind Austroads provides advice and techniques to assist in identifying problem locations and appropriate engineering treatments for them in respect to pedestrian facilities. Guidelines are provided on the appropriate standards for walkways and footpaths, the provision of pedestrian facilities for crossing roads, signing and other guidance methods, and treatments applicable for public transport, work sites, and parking areas.
Proposed Australian Road Rules
Under Australia's constitutional arrangements, each State has responsibility for land transport within its borders. This includes legislation governing traffic matters. Considerable advances have been made in recent years in harmonizing regulations and standards across the nation. Agreement is close on the Australia Road Rules which, it is intended, will supersede existing State legislation by having each State pass a new act embodying the Australian Road Rules.
At present, there remain many differences among the regulations in different States, although major incompatibilities have been removed and drivers would appear to have few difficulties with changes in regulations when driving outside their home State.
The current draft document defines a pedestrian as a person on foot; a person traveling on or in a pram, a wheeled toy; a person walking a bicycle, motorbike, or animal; a person traveling in a non-motorized wheelchair or a wheelchair that can not exceed 10 km/h (6 mi/h) and is less than 110 kg (242 lbs). The document refers to pedestrians in relation to obeying traffic lights (part 4); giving way to pedestrians, vehicles, and animals (part 6); and special rules applying to pedestrians (part 13).
The following is specified in relation to pedestrian movement:
Obeying Traffic Lights 4.10(1) Motorists must give way to pedestrians on a marked foot crossing that is not at an intersection when the traffic light that controls it is flashing yellow. 4.12(1) Pedestrians should not cross a road if there is a red "don't walk" sign, there is a red walking man symbol, there is no pedestrian light showing, or there are twin flashing red traffic lights. Section 4.12(2) outlines some exceptions to this rule. 4.13(1) Pedestrians must cross to the nearest safety zone, dividing strip, or edge of road if any signal illustrating that they should not cross is displayed.
Giving Way to Pedestrians, Vehicles, and Animals 6.2(1)/6.3(1) A driver must approach a children's crossing or pedestrian crossing at a speed where the vehicle can be stopped safely before reaching it. 6.2(2)/6.3(2) If a pedestrian is on the children's crossing, or a pedestrian crossing, the motorist must stop before reaching it and give way.
6.4(1)
A motorist must not enter a children's crossing, pedestrian crossing, or marked foot crossing if a vehicle facing in the same direction appears to be stopped at the crossing.
A motorist must give way to pedestrians in the following circumstances:
In a shared zone. 6.6 (1) Entering or leaving a road where a pedestrian is traveling across the road, footpath, bicycle path, separated footpath, or nature strip that must be crossed to get to or from that road.
6.7(3)
When a pedestrian is crossing a road that a motorist is turning right into where an intersection is not controlled by traffic lights or signals.
6.7(4)
When a pedestrian is crossing a road that a motorist is leaving or intending to enter when turning left at an intersection that is not controlled by traffic lights or signs. 6.7 (5) When a pedestrian is crossing a left-turn slip lane that a motorist is turning left on. 6.8 (1) At a T-intersection that is not controlled by traffic lights, a motorist wishing to turn into the continuing road must give way to any pedestrian crossing it. 6.8(2)/6.8(3) At a T-intersection that is not controlled by traffic lights, a motorist about to leave the continuing road must give way to any pedestrian crossing the road that ends at the intersection. 6.9 (3) If at a green or flashing yellow traffic light and turning left, the motorist must give way to any pedestrian crossing the road they are turning into.
Special Rules Applying to Pedestrians
13.2(1)
A pedestrian must not move into the path of an oncoming vehicle if that would cause a traffic hazard.
13.3(1)
A pedestrian must not cross the road if it is within 20 m (66 ft) of a marked foot crossing, a pedestrian crossing, or a children's crossing. Where this does not apply is covered in 13.3(2).
13.4(1)
A pedestrian must cross a road in the shortest most direct way. Where this does not apply is covered in 13.4(2). 13.5 (1) A pedestrian must cross a road as quickly as possible.
13.5(2)
A pedestrian waiting for a tram or public bus must not cross the road until the tram or bus is stopped. 13.7 (1) A pedestrian must not walk on a road if able to walk on a path. 13.7 (2) If walking on a road, a pedestrian must walk as close to the edge as possible.
13.7(3)
Pedestrians must not walk more than two abreast on a road. 13.8 (1) In a shared zone, a pedestrian must not obstruct the path of another pedestrian or vehicle. 13.9 (1) A pedestrian crossing a railway line must use the means provided. 13.10 (1) Pedestrians may not get on a moving vehicle; remain on any road crossing longer than is necessary to cross, walk on a path marked for bicycles, or obstruct a cyclist when crossing a path designated for bicycles.
13.10(3)
A person in a wheelchair may travel on a path designated for bicycles.
Empirical studies of the safety of pedestrian facilities
Moore and McLean (1995) carried out a review of pedestrian facilities for the South Australian Department of Transport. The first part of that report raises general issues related to the provision and operation of pedestrian facilities (dealt with elsewhere in the present report), while the second part deals with specific types of facilities.
Geoplan (1994) arrived at estimates of the relative safety of different types of devices by a different route. In a study commissioned for the New South Wales Roads and Traffic Authority (Road Transport Authority), Geoplan examined traffic flow and accident data for many sites where a range of different types of traffic facilities had been installed over the period 1985-1993 and compared crash rates before and after the installation of the pedestrian facilities. Since many of these facilities were installed on nonarterial roads belonging to local authorities, these local authorities had to be contacted by questionnaire to identify the range of sites. Sites where traffic signals had been installed could be identified from RTA records. The study was confined to the metropolitan centers of Sydney, Wollongong, Newcastle, and their vicinity.
There is one great advantage in a before-after comparison of this type. The treated and untreated sites are the same sites at different times. One of the difficulties in comparing treatment sites with control sites is that it is always difficult to identify suitable control sites. Studies of driver behavior have made it clear that subtle differences in site characteristics can result in greater changes in behavior than do even apparently powerful treatments. Using the same sites as the treated and untreated sites, eliminates these differences.
However, there are several unavoidable problems with the study. Some of the comparisons are based on small numbers of sites and therefore have insufficient statistical power. The before and after periods differ from device to device, forcing a reliance on crash rates over time for analysis. Many of the after periods are short, further weakening the power of the comparison. There may have been changes in pedestrian exposure over the period which are not taken into account for the study.
One possibility is crash migration, i.e., changes in travel patterns or driver behavior as a result of installing the facility, and more crashes occurring elsewhere as a result.
CROSSWALKS
AS 1742.10 describes the type of crosswalk to be provided at mid-block and intersection signals, and only at these locations. Although AS 1742.10 does not require a marked crosswalk, it is general practice to provide one. The crosswalk lines may be broken or continuous, according to
State practice. The installation of crosswalks has not been a contentious issue in Australia, and there is no research on their effectiveness.
SIDEWALKS
Sidewalks, referred to as footpaths in Australia, are generally provided in urban areas. A general minimum width of 1.2 m (4 ft) is specified, with an absolute minimum of 0.9 m (3 ft) (Austroads 1995).
Wider footpaths are called for if pedestrian volumes are large, or if provision is required to be made for wheel chairs, or if the facility is to be shared with cyclists. The Austroads guide contains guidelines for the design details and the characteristics of suitable surfacing materials.
SIGNALIZATION
In Australia, pedestrian signals have been provided at both mid-block locations and at intersections. AS 1742.10 gives guidelines for the installation of both types of facilities. For the mid-block pedestrian operated signals, these include special provision for schools, danger to pedestrians or a history of pedestrian accidents at the site, and excessive delays to road traffic, as well as combinations of vehicle and pedestrian movements.
The pedestrian displays used in Australia consist of a standing steady red figure to indicate "Do not cross," a steady green figure in walking pose to indicate "Cross," followed by the red figure in flashing mode to indicate the pedestrian clearance phase. Dissatisfaction is frequently expressed with the flashing red figure as many pedestrians, particularly the elderly, seem to interpret it as meaning "Hurry and complete your crossing" rather than "Do not commence crossing." Cairney (1988) used video sequences to test whether substituting a flashing green figure to indicate the clearance phase would convey the message more clearly, but found no difference between the flashing red figure and the flashing green. More recently, used observations of pedestrian behavior and interviews with pedestrians to test whether a flashing yellow figure gave rise to a better understanding of the intended message during the clearance phase, but found that it conveyed no obvious advantage.
The essential requirements for signal timing for pedestrians are also given in AS 1742.10. The minimum pedestrian green time specified is 6 s, and the pedestrian clearance phase is calculated to give a pedestrian time to complete a crossing of the road, assuming a walking speed of 1.2 m/s (4 ft/s), with a minimum of 5 s.
The Geoplan study found that the provision of pedestrian signals at existing facilities did not reduce pedestrian crashes (Geoplan 1994) . Although the crash rate per quarter declined by 22 percent following the installation of pedestrian signals, this was less than the crash rate fell at other similar sites where no facilities had been installed. When the correction was made, crashes were estimated to have increased by 1 percent as a result of the installation. This, of course, was not statistically significant.
SIGNING
AS 1742.10 (standards Australia, 1990) follows the American version road signs ratified by the 1968 United Nations Convention, and therefore follows the shape and colour code used in North America. AS 1742 differs from American practice in that it relies to a much greater extent on symbol signs; the diamond and rectangular shapes specified for signs allowing for a large symbol with good legibility distance. The principal signs used for pedestrian protection are shown in figure 3 .
The pedestrian crossing sign is something of an anomaly, being a survivor from a much older version of the traffic sign standard. It is currently the only circular sign in AS 1742, and is yellow with black symbol and lettering, a color combination otherwise reserved for warning or roadwork signs. The sign warning of pedestrians is virtually identical to the one currently in use in North America and is also yellow with a black image. Not surprisingly, there is some confusion over the regulatory or warning nature of the signs (Cairney 1989) , although this is unlikely to make much difference to driver behavior towards pedestrians, especially since the Pedestrian Crossing sign is always provided in conjunction with a striped zebra crossing. Note that there is also a symbolic warning sign for children and a symbol sign warning of a pedestrian crossing ahead.
Other signs of particular importance for pedestrian safety include the written Safety Zone, School and School Zone signs, and the hybrid Shared Zone signs. The Safety Zone sign is used to designate pedestrian refuge and loading islands and used mainly on Melbourne's extensive tram (streetcar) system. The School sign may be used to warn motorists of children on or crossing the road in the vicinity of a school, while the School Zone sign is used in conjunction with speed limit signs which apply when children are going to or leaving school. The Shared Zone sign is essentially a speed limit sign, with the speed limit which applies shown inside a red annulus, with the words, Shared Zone and a depiction of a child and a car for further emphasis. It is applied only at designated shared zones, i.e. zones where the street environment has been modified to encourage low speed travel and a 10 km/h (6 mi/h) limit applies. A rather similar sign is used to indicate Local Traffic Areas, with a pair of child pedestrians similar to those shown on the Children warning sign depicted below the legend, a limit of 40 km/h (25 mi/h) indicated.
MIDBLOCK CROSSINGS
Both unsignalized and signalized crossings are provided as mid-block treatments, unsignalized crossings generally being confined to non-arterial roads. The guidelines for installation in AS 1742.10 for an unsignalized crossing specify a shorter critical period of time and lower pedestrian flows, and specify an 85 th percentile traffic speed of 80 km/h (50 mi/h) or less. Signalized crossings consist of signal displays facing the drivers in each direction, supplemented by additional high-mounted displays on a mast arm if circumstances warrant, and pedestrian displays as described in section 6 facing the pedestrians. A marked crosswalk and stop lines for the traffic are also provided. Parking is prohibited on the immediate approach to the crossing as required to ensure drivers have an adequate view of the crossing, typically for 3.6 m (12 ft) on either side of the crossing.
Pelican crossings, generally similar to those used in the United Kingdom, have been used in New South Wales and Western Australia for several years, and more recently have been introduced in Victoria. The Pelican crossing is similar to mid-block pedestrian signals, except that during the pedestrian clearance phase, the display facing motorists changes to a flashing yellow, indicating that vehicles may proceed across the crossing, but they are required to give way to pedestrians. Puffin crossings using infra-red sensors to detect the presence of pedestrians and monitor their progress across the crossing have also recently been trialed and are discussed in more detail in section 14.
There appears to be no studies of the safety impact of mid-block Pedestrian Operated Signals (POS) of the type used in Australia. Given the different forms of operation, direct comparison with pelican signals is not appropriate. Fortunately, the Geoplan study included both types of crossing. Installing pelican signals was highly effective in reducing crashes, the quarterly crash rate reducing by 90 percent. Once adjustments were made for reductions at untreated sites, the reduction was 87 percent which was statistically significant. Installing POS also gave rise to statistically significant reductions in crashes. In this case the adjusted reduction was 49 percent.
These results indicate the reductions in crashes brought about by the two types of devices, but they do not reflect the actual safety performance of the devices. To do this would require estimates of the total number of crossings at the different types of devices, making some allowance for different traffic flow conditions. Some indication of the relative safety may be gained by considering the average number of crashes per site per quarter for each type of facility. In this case, the POS had a quarterly rate per site of 0.015 and the pelicans a rate of 0.004. Assuming pedestrian and traffic conditions to be broadly similar at the different types of devices, probably a reasonable assumption in this case, it can be seen that the crash rates are roughly of the same order, with the pelicans apparently having fewer crashes. The average crashes per quarter per site for the intersection signals are 0.05, and for the unsignalized crossings 0.02. It is emphasized again that these are very broad indications and do not adequately reflect the level of risk associated with the different types of facilities.
MEDIANS AND PEDESTRIAN REFUGE AREAS
Medians and pedestrian refuges have been widely applied in Australia in recent years. Many roads in urban areas were laid out and built to very generous standards, allowing room for the subsequent installation of a median without compromising traffic flow. Indeed, by providing a turn slot for right-turning traffic, traffic flow was often improved.
Moore and McLean cite early work in New South Wales which showed that the provision of narrow medians reduced vehicle-to-vehicle crashes, but had no effect on pedestrian crashes (Johnston 1962; Leong 1970 ). However, work carried out in Adelaide, South Australia, suggests that medians are indeed effective in reducing pedestrian crashes. Pedestrian accident rates on arterial roads were found to have an orderly relationship to median width, with the narrowest medians (1.2 m) (4 ft) having four times the pedestrian crash rate of those with the widest median (2.9 m) (10 ft) (Scriven 1986 ). Replacing a 1.8-m (6-ft) painted median with a wide raised median reduced pedestrian accidents by 23 percent (Claessen and Jones 1994 ). This reduction is consistent with Scriven's earlier finding that crash rates with 2.9-m (10 ft) raised medians were 33 percent lower than with 1.8-m (6 ft) painted medians.
Support for the safety benefits of refuges islands are less certain. The Geoplan study included four types of pedestrian refuge -those with curb extensions and those without curb extensions, either on existing pedestrian crossings, or on their own. None of them were particularly effective. Refuges with curb extensions actually resulted in an increase in pedestrian crashes; when this was corrected for the reduction in crashes at comparison sites, it resulted in an adjusted crash rate which showed a 53 percent increase. Refuges without curb extensions on existing crossings resulted in no changes in crashes which produced an adjusted rate of a 38 percent increase. Refuges on their own without curb extensions resulted in a 15 percent reduction in crashes, producing an adjusted rate of a 14 percent increase. Only refuges with curb extensions achieved an adjusted rate that was actually a reduction, and that was only 2 percent. However, in view of the other findings discussed above, it seems inherently unlikely that pedestrian refuges did not reduce crashes. The method used in the Geoplan study compared crashes occurring at the site of the facility, before and after. Where pedestrian refuges are provided, it would be expected that pedestrians would be attracted to cross at this point -pedestrians who would otherwise have crossed some distance along the road, so that pedestrian flow is greatly increased at the refuge. A study of the crash history of the whole street where pedestrian refuges have been installed would therefore be necessary to determine whether there had been a reduction in pedestrian crashes.
PROVISION FOR THE DISABLED PEDESTRIAN
The Austroads Guide to Traffic Engineering Practice, Part 13, draws attention to the problems of providing for people with disabilities and provides guidance throughout the document on the best way to provide for them. Specific topics covered include width of footpaths to accommodate wheelchairs, need for obstruction-free paths, placement of gratings and manhole covers, treatment of ramps and curb ramps, installation of textured paving at waiting areas to provide tactile cues for the visually impaired, loops to detect wheelchairs and allow longer pedestrian green times at signalized crossings, provision of information on routes used by the visually impaired, and signing of facilities and routes for the disabled.
Detailed information on the design of ramps and other features required by the disabled is available in Australian Standard (AS) 1428 -Design for Access and Mobility. While new facilities are designed to accommodate the mobility needs of the disabled and much effort has gone into providing ramps and other features on the footpath network, it is not clear how much of the footpath network can be used by different classes of disabled persons, for example, people who walk with sticks may manage stairs but find ramps difficult, in contrast to wheelchair users.
SCHOOL ZONE SAFETY
School zone safety is generally addressed by the provision of warning signs to indicate a school zone, and the provision of pedestrian-operated traffic signals or children's crossings, depending on pedestrian and vehicle flows. Concern about vehicle speeds on the approaches to school crossings has prompted several States to introduce 40 km/h (25 mi/h) speed zones on a part-time basis. Unlike the situation which applies in South Australia, these are clearly indicated by a 40 km/h (25 mi/h) limit sign. The part-time nature of the sign is catered by either displaying the times at which the limit applies, or having a folding sign that is only opened out when the limit applies. Uber, Barton, and Brown (1992) report on the evaluation of six part-time school speed zones in Victoria, a 40 km/h (25 mi/h) limit being imposed on roads where the prevailing limit was 60 km/h (37 mi/h), and a 60 km/h (37 mi/h) limit on roads with a prevailing limit of 80 (50 mi/h) or 100 km/h (62 mi/h). All zones had a school crossing inside the zone. Folding speed limit signs with the legend "School zone" were installed, with a single flashing yellow light on the pole on the left-hand side of the road. Compared to normal operation of the crossing, operation in conjunction with the part-time speed restriction resulted in considerable speed reductions. With the 60 km/h (37 mi/h) part-time school zone, mean speeds fell by 13 to 19 percent and 85 th percentile speeds by 7 to 15 percent in the 80 km/h (50 mi/h) zone, and mean speeds by 30 km/h (19 mi/h) and 85 th percentile speeds by 28 to 29 km/h (17 to 18 mi/h) in the 100 km/h (62 mi/h) zones. With the 40 km/h (25 mi/h) limit school zone in 60 km/h (37 mi/h) zones, mean speeds fell by about 20 km/h (12 mi/h) and 85 th percentile speeds by 14 to 18 km/h (9 to 11 mi/h). Although the part-time school zones would appear to have been effective in reducing speeds, the authors caution that speeds did tend to creep upwards over a 6-month period and that over half of free speed vehicles were exceeding the school zone limit.
Moore and McLean cite an early literature review (Foldvary 1973 ) which suggested that school crossings tended to be safer than other types of crossing. This is confirmed by two subsequent Australian studies. Cameron and Jordan (1978) found that the risk to children at a school crossing was approximately one quarter of the risk at a zebra crossing at the same time of day. Bishop and Harwood (1978) compared risk to children at the flashing light school crossing used in South Australia with the risk in school zones (designated in South Australia by a SCHOOL warning sign and an END SCHOOL ZONE warning sign, drivers being limited to 40 km/h (25 mi/h) in the zone when children are entering or leaving school). Risk was significantly lower at the light-controlled crossings.
The Geoplan study, however, indicates that children's crossings may not reduce crashes. Indeed, the installation of childrens' crossings with supervisors actually resulted in an increase in pedestrian crashes. The corrected rate indicated a 77 percent increase in crashes. However, it must be remembered that this data is derived from a small number of sites and an even smaller number of crashes, and that the provision of a crossing with a supervisor would be likely to attract children to the crossing. Installing childrens' crossings without supervisors resulted in a 24 percent reduction in crashes, or a 4 percent reduction following adjustment. This should not be interpreted as unsupervised crossings being safer, as the unsupervised crossings are likely to be at locations where pedestrian and vehicle flows are lower, and the unsupervised crossings are less likely to attract people who would otherwise cross elsewhere.
PEDESTRIAN OVERPASSES AND UNDERPASSES
Pedestrian overpasses and underpasses have been provided in Australia in the past but appear to attract little use unless pedestrians have no other means of crossing the road. Currently, their provision would seem to be limited to freeways and other major new projects. There does not appear to be any Australian research on this topic. Daff and Cramphorne (1995, see Section15) have drawn attention to the need to consider convenience and personal security in the course of conducting pedestrian safety audits. Had safety audit principals been applied in the past, most of the overpasses and underpasses would either not have been built or would have been designed very differently.
TRAFFIC CALMING FOR PEDESTRIANS
Local Area Traffic Management
Local area traffic management (LATM) has been widely adopted in Australia over the last 20 years or so. LATM has been an evolving process, with emphasis shifting from early concern with excluding through traffic from local streets to controlling driver behavior and reducing speeds as the extent of the accident problem on local streets was acknowledged (Brindle 1992) . LATM aims to effect these changes by altering the physical environment rather than by regulations and their enforcement. Safety for pedestrians and cyclists, especially safety for young children and old people, is a major concern for people living along local streets and is often an important factor in community support for LATM schemes.
Although part 13 of the Australian standard for traffic control devices is primarily a manual describing the signs and markings to be used with LATM devices and their application, it does contain a table setting out a diagram of each type of physical devices together with its advantages and disadvantages (AS 1742.13: Local Area Traffic Management, Standards Australia 1991). This is intended as a general indication of the range of devices and their appropriate application. Each LATM device has to be designed on an individual basis to take account of site factors, drainage, and so on, and many comprehensive design manuals are available.
There is good reason to expect that LATM would be effective in reducing pedestrian crashes in residential areas. LATM schemes either reduce through-traffic, reducing pedestrian and cyclist exposure to conflict with motor vehicles, or slow vehicles down. As the studies discussed in section 7 show, small changes in speeds greatly improve the outcomes of collisions with motor vehicles for pedestrians. However, tangible improvements to pedestrian or cyclist safety as a result of LATM schemes are elusive. Brindle (1986) reviewed extensive evidence that LATM treatments, both individual devices and area-wide schemes, had been effective in reducing crashes. While the vast majority of studies indicated reductions in crashes, Brindle did not identify any studies that separated crash reductions for pedestrians or cyclists.
Fairlie and Taylor (1990) evaluated the safety benefits of two LATM schemes in Sydney and include breakdowns by crash type (RUM code) and type of unit involved. Although there was a significant reduction in accidents involving cars in one area and a significant reduction in accidents involving motorcycles in the other, the numbers of pedestrian and bicyclist accidents recorded in the areas were too small to come to any conclusions and represent a very small proportion of the accident totals.
It would therefore seem that although a consideration of first principles suggests that LATM ought to be effective in reducing pedestrian and cyclist crashes, the frequency of such crashes is so low, even in local areas, that the benefits are likely to be difficult to detect.
Effect of humps and raised platforms
While it is intuitively obvious that humps and other measures will reduce traffic speeds, there appear to be few Australian studies on the actual speed reductions associated with humps. Taylor and Rutherford (1986) describe a procedure suitable for measuring the effects of any speed control device, and which they used to assess the effects of road narrowings in local streets. Spot speeds were recorded at points on the approach and departure sides of the slow points. The devices were found to be effective in reducing speeds, vehicles traversing them at speeds for 25 to 30 km/h (16 to 19 mi/h). However, speeds returned to their original level within about 80 m (262 ft) of the slow point. More recently, Zito and Taylor (1996) took advantage of the removal of road humps to measure changes in speed profiles. Speed profiles were obtained using an instrumented car. The profiles show fairly sharp decelerations and accelerations in the vicinity of the humps, from an operating speed of 40 km/h (25 mi/h) to 15 km/h (9 mi/h) or less, and back to 40 km/h (25 mi/h) over a distance of 200 km (124 mi/h) or less.
Such evidence as there is supports the effectiveness of humps and raised pavements as devices that have the capacity to improve pedestrian safety. Moore and McLean cite a study by Jones and Farmer (1993) in which the impact of a series of pedestrian ramps installed along a busy shopping street was assessed. Injury accidents fell from 18 per year to 3 per year, pedestrian delay was reduced, while traffic flow and speed were also reduced. The Geoplan study also included several raised pedestrian platforms. However, it is not clear how many were installed as part of a grouped treatment similar to the treatment studied by Jones and Farmer. Nor is it possible to say how many were installed where there were heavy pedestrian flows. Nevertheless, the results are remarkably similar. A reduction in pedestrian crashes of 94 percent was experienced following installation, in this case giving an adjusted reduction of 93 percent.
Curb extensions, on the other hand, appear to have been relatively successful. Curb extensions on their own produced an adjusted reduction of 27 percent, and curb extensions at existing pedestrian crossings produced an adjusted rate showing a 44 percent reduction.
Roundabouts (traffic circles)
Australia has made extensive use of roundabouts in recent times, often in association with other LATM measures as well as on arterial roads. They are widely distributed throughout residential areas and so are frequently encountered by pedestrians. Perhaps somewhat optimistically, part 13 of the Guide to Traffic Engineering Practice advises that the installation of a roundabout improve pedestrian safety at an unsignalized intersection. The splitter islands on the approaches to the roundabout give pedestrians the opportunity to make staged crossings as does a median or pedestrian refuge. Curb ramps are generally provided 6 m (20 ft) or so away from the entrance holding line, so that pedestrians are encouraged to cross to the rear of the first car waiting to enter the roundabout, thus reducing the risk of not being seen by a driver concentrating on finding a gap in the traffic on the roundabout. If a pedestrian crossing (zebra) is required across one of the entry legs of the roundabout, it should be located at least 12 m (40 ft) from the exit.
Although roundabouts are recognized as a treatment that is effective in reducing the severity of crashes, there does not appear to be Australian data on their effect on pedestrian crashes.
INNOVATIVE DEVICES
Infra-red sensors
As described in section 8, Victoria has proceeded with trial installations of a version of the UK Puffin crossing. It is similar to the UK crossing in that it uses infra-red detectors to monitor the progress of pedestrians across the road, but differs in that infra-red detectors rather than pressure mats are used as pedestrian presence detectors. It also differs in that conventional call buttons and pedestrian signal displays are used, rather than call button and low-mounted display visible only in the pedestrian waiting area. The system is designed for easy conversion of existing mid-block signals.
Catchpole, Jordan, and Cairney (1996) evaluated the behavior of drivers and pedestrians at a trial installation of a Puffin crossing in Victoria. This involved conversion of a standard Pedestrian Operated Signal (POS) site to Puffin operation. Pedestrian green was changed from a fixed period of 8 seconds to a minimum of 4 seconds and a maximum of up to 10 seconds. A 40-percent reduction in vehicle delays was evident, and there was no increase in red running or other driver behaviors that might adversely affect safety. There was an increase in pedestrian compliance with the signals. There was a significant reduction in the percentage of pedestrians starting to cross before the green (10%), and nonsignificant increase in persons crossing on the green signal. As would be expected with a shorter fixed green time, more pedestrians completed their crossing during the flashing red period under Puffin operation, but there were no more on the crossing at the start of the steady red period than had been the case under the steady red period. Thus Puffins appear to deliver a longer crossing time to pedestrians who need it and reduce delays to motorists without compromising pedestrian safety.
Pelican crossings
Pelican crossings have been extensively used in the UK and have been in use in some parts of Australia for many years. It is probably a fair generalization that they are seen as a compromise solution that allows pedestrians crossing opportunities, but which minimize delay to traffic. Concern has been expressed about the large proportion of pedestrian crashes which occur at Pelican crossings (e.g., Hunt 1992). The study of installations in Sydney (Geoplan 1994 -see section 8) showed that Pelicans were an effective way of reducing pedestrian crashes. However, the very fact that they allow traffic to proceed through the crossing during the clearance phase can be used to pedestrians' advantage as under these circumstances motorists will readily tolerate double cycling, i.e., the introduction of the pedestrian phase twice in the normal cycle. This results in more opportunities for pedestrians to cross while traffic is prevented from entering the crossing, yet allows traffic to move more freely than it does under the normal mid-block signal arrangements. The low cost of conversion of mid-block signals to Pelican type operation, and the even lower cost of introducing the double cycling option is likely to prove very appealing to road authorities.
Observing pedestrian behavior at two crossings before and after conversion to double-cycle Pelican operation, Daff and Cramphorne (1995b) found that fewer pedestrians crossed away from the crossing, and that fewer crossed against the steady red "Don't Walk" indication. Drivers welcomed the reduction in what they perceived as unnecessary delay with normal mid-block signal operation.
Illuminated push buttons
Illuminated push buttons have been used in Australia for many years. The earlier type of push button has a small horizontal panel that lights up to display the words "Call recorded." These were replaced with a more robust type of switch that contained no illumination. However, these push buttons have been superseded by a similar type that contains a small red circular display illuminated by LEDs when the switch is pressed. The process has been one of evolution and has not proved to be controversial.
It is also worth noting that push button units with an auditory signal for the benefit of sight-impaired pedestrians are widely used. During the pedestrian clearance interval and "Don't Walk" interval, a slow beat is emitted. On the signals changing to the "Walk" interval, a brief, distinctive high-pitch signal is emitted, followed by a fast steady beat, reverting to the slow beat at the start of the pedestrian clearance interval. In addition to the auditory signal, a tactile pulse is provided through the central button on more recent models.
Requirements for the design, construction, and performance of push-button assemblies for pedestrian crossings are set out in Australian Standard (AS) 2353 (Standards Australia, 1997). At time of writing, a new draft standard had been issued for public review. The aim of the revision is to introduce more comprehensive requirements for the auditory and tactile signals.
OTHER ISSUES
Multi-action programs
The concept of multi-action programs evolved in VicRoads (Victoria's State Road Authority) as a response to the usual situation of there being no one intervention or narrow range of actions that is likely to have a major impact on pedestrian safety. The immediate background to this concept is a series of investigations carried out by Monash University Accident Research Centre on behalf of VicRoads to identify crash patterns and contributing factors at locations with concentrations of pedestrian crashes (Corben and Diamantopoulou 1996) . This research suggested that a single countermeasure or limited range of countermeasures was likely to be of limited effectiveness in reducing crashes, it was in response to these findings that VicRoads staff conceived an integrated package embracing road and traffic engineering, education, publicity, and enforcement which constitutes the WalkSafe program, as the multi-action program has come to be known.
Conceptually, the approach begins with an accident investigation and safety audit to understand the nature of the problem and contributing factors. Such audit also aids the design of countermeasures and ensure that physical treatments and enforcement are appropriately located. This is followed by implementation -installation of engineering treatments, delivery of education and publicity, and enforcement of traffic regulations focused at key locations. Implementation is accompanied by evaluation. Given the relatively low numbers of pedestrian crashes, this generally has to be in terms of evaluating behavioral changes rather than actual crash reductions, at least in the short term.
At present, the first multi-action program is beginning in Stonnington, a municipality close to Melbourne's central business district. A budget of more than $A 1 million dollars (approximately $US 600,000) has been allocated to the program, and extensive evaluation of the program is currently being undertaken (Klein, personal communication) . Physical treatments being trialed include a painted median placed between the tram tracks.
Community Road Safety
Several states have been active in developing community road safety over the last few years. Although the organization supporting community road safety and its funding mechanisms vary from State to State, community road safety programs have the following features in common:
! They deal with issues at a local level. ! They encourage community ownership of road safety problems and seek community involvement in their solution. ! Solutions are customized to fit the needs of individual communities.
New South Wales has the most complete program in Australia, with Road Safety Officers employed by several Local Councils and with good support in terms of advice on effective programs, materials, and training (St. John, Clarke, and Graham 1996) . Victoria also has paid Road Safety Officers, who support Community Road Safety Committees, which typically cover several local government areas. As discussed above, it also has pedestrian advocates who are very involved with community projects. In Western Australia, a small unit operating as part of the Western Australian Municipal Association has responsibility for promoting road safety activities among local communities, providing advice, materials, and a limited amount of funding. Some community road safety activity has been evident in other States, but as yet they have no formal delivery mechanism.
The principles advocated for community road safety programs are almost identical to those advocated for the multi-action programs: analysis of the problems based on objective data and community perceptions, integrated and targeted actions to address the most pressing problems, and evaluation and review to ensure intended actions are carried out effectively and that the desired changes are being achieved. Although community road safety programs address a range of problems besides pedestrian safety, experience to date suggests that pedestrian issues are very high on community agendas.
Many municipalities, especially in NSW, have developed community road safety plans. Typically, issues of pedestrian and cyclist safety feature largely in these, especially those involving young or elderly road users. The solutions which the plans attempt to implement cover a range of actions, from provision of bicycle and pedestrian crossing facilities to educational campaigns and promotions. At time of writing, no formal evaluations of the programs had been published, although reviews in NSW and Western Australia were in progress.
Community road safety appears to be a promising way of delivering improved safety to pedestrians and cyclists. However, there is no evidence as yet that this approach is effective in reducing crashes.
Pedestrian safety audits
The principles of road safety auditing are by now well established in Australia (Austroads 1994), although much of the road network remains to be audited and it is at times unclear what the priorities for remedial action should be. An audit, which should be carried out by a qualified, independent assessor, is a formal assessment of the accident potential and likely safety performance of an existing or future project. One of the key principles of the audit process is for the auditor to view the facility from the perspective of the road user, and this applies to pedestrians and cyclists as much as to any other type of road users. Jordan (1995) describes how the Austroads audit process might be used to address the particular needs of pedestrians. Safety audit ideally should happen at several stages in the development of a facility, and there are characteristic issues to be dealt with at each stage: ! Pre-opening stage: has the job been completed or designed, and do any changes affect pedestrian safety? Can pedestrians cope well with the facility provided? Night-time inspection is particularly important.
! Network review (audit of existing facilities): are safety features consistent with its functional classification, are they adequate for any changed circumstances, and have there been changes to the site which pose safety problems.
Jordan briefly cites a number of examples where safety audits have revealed problems for pedestrians, and which were able to be remedied before the facilities in question were opened to the public. He concludes with a consideration of the needs of all pedestrians as well as pedestrians with special needs -the elderly, the young and the intoxicated.
A rather broader view of pedestrian audits is put forward in the same conference proceedings by Daff and Cramphorne (1995) , who envisage a pedestrian audit as embracing issues relating to convenience, mobility, and personal safety. They give examples of points that might be considered in each of these check lists and examples of the sorts of recommendations likely to be made as the result of a pedestrian audit. Among their suggestions for future development of the audit process are a consideration of behavioral observations as to how these facilities are used, and the use of archival material such as records of accidents or police records of assaults.
Although the outcome of the process is a set of recommendations rather than an index describing the quality of the pedestrian experience, the process and the nature of the judgments and the specific features of the environment considered, have much in common with the level-of-service measures for pedestrian facilities proposed by Khisty (1994) and Sarkar (1995) , which may be familiar to North American readers.
Speed and pedestrian safety
Recent Australian work reinforces current understanding of the sensitivity of the outcome of pedestrian crashes to small changes in vehicle operating speeds in the range typical of local urban streets. McLean et al (1994) applied accident reconstruction techniques to estimate the probable speeds of vehicles involved in pedestrian fatal crashes in the Adelaide Metropolitan area. Most of the crashes occurred on speeds with 60 km/h (37 mi/h) speed limits. They estimated the likely outcomes of the crash under several different scenarios, including one where no vehicle exceeded the speed limit and one where all vehicles were traveling a uniform 5 km/h (3 mi/h) slower than they actually had been at the time of the crash. Under this last scenario, 32 percent of the pedestrians would have survived the impact, and a collision would have been avoided altogether in 10 percent of cases. Eliminating travel above the existing speed limit would have been considerably less effective than a uniform reduction of 5 km/h (3 mi/h).
These findings have provided the inspiration for some very dramatic road safety advertising developed by Victoria's Transport Accidents Commission, a body which integrates third party injury insurance with rehabilitation and crash prevention. This advert graphically depicts a pedestrian being thrown in the air when the vehicle approach speed is 70 km/h (43 mi/h), compared to a narrowly averted impact when the approach speed is 60 km/h (37 mi/h).
Impact of lower speed limits on pedestrian safety
While there is widespread agreement that lower vehicle speeds will reduce crashes, including crashes involving pedestrians and cyclists, it is difficult to specify the precise nature of the relationship between speed reductions and crash reduction. The extent to which lower speed limits will be effective in reducing speeds add another element of uncertainty in the process of making predictions. The evidence showing a reduction in crashes in response to lower speed limits and lower speeds has been covered in a recent review of urban speed management in Australia (Austroads 1996). That report pointed out that, with a general urban speed limit of 60 km/h (37 mi/h), Australian urban speed limits are high by comparison with other developed countries.
Australia has had little experience with lower urban limits, and early experience suggested that lower limits were only effective in conjunction with physical devices designed to slow traffic. Although a more recent trial has suggested that speeds on local streets can be reduced by speed limits alone when accompanied by modest levels of enforcement, it is not known how effective a system-wide change to speed limits on local streets would be. The report suggested that a 50 km/h (31 mi/h) limit would be suitable for local streets, representing a reduction in speeds that most motorists would be prepared to accept. The report emphasizes the need for States to consider any changes to local street speed limits as a package which embraces publicity and education, community consultation, and enforcement, with monitoring and evaluation of changes to vehicle speeds, accidents, travel times, and amenity.
The impact of seat belt wearing legislation on pedestrian safety in Australia
Although there is no doubt that restraint wearing does reduce deaths and injuries to vehicle occupants, there has been some controversy over the indirect impact they may have on pedestrian safety. As Australia was very much a pioneer of compulsory restraint-wearing laws, its experience in regard to this controversy is of particular interest.
It has been argued that one effect of restraint wearing by drivers is to increase their feelings of safety, which they then trade-off through reduced gap-acceptance, increased speeds and so on, so that they maintain a constant level of risk (eg. Wilde 1986). Adams (1985) has argued that this is likely to have adverse safety consequences for other road users. Any increase in vehicle speeds is likely to increase the risk and severity of collisions with pedestrians. As we saw in chapter 7, small changes in vehicle speeds can have very great consequences for the outcomes of collisions with pedestrians. Connybeare (1980) demonstrated that in Australia, in the years following the introduction of compulsory restraint-wearing laws, vehicle occupant deaths were well below the levels that would be predicted from a linear regression model based on the pre-seat belt years, and that non-occupant deaths were above the figures predicted by the model. He then made the unfortunate conclusion that this put auto safety measures in the class of self-defeating class of government policies which show no net benefit in welfare. As Hampson (1982) clearly pointed out, this conclusion is flawed in that Connybeare neglected to differentiate between different classes of non-occupant, which included motor cycle riders and passengers, as well as pedestrians and cyclists, and that the period when seat belt legislation was introduced throughout Australia was a period of increasing motor cycle ownership and use. Examining the disaggregated trends in New South Wales over the years 1961 to 1980, Hampson shows a rising trend in motorcyclist fatalities from 1960 to 1971, a sharp increase in the period 1970 to 1975, then a leveling off. Fatalities involving pedestrians and other non-occupants declined steadily over the period. Thus there would appear to be no grounds for supposing that there was an increase in pedestrian deaths in NSW following the introduction of compulsory restraint wearing laws. As was seen in section 2, despite very high restraint wearing rates, pedestrian fatalities and injuries have continued to decline in Australia in recent years. However, this may be attributable in part to the decline of walking as a transport mode.
EDUCATIONAL CONSIDERATIONS
All Australian States and Territories have elements of road safety available for teaching in primary and secondary schools. However, the extent to which road safety is taught is left to individual schools to decide, with some having no road safety, and others making a considerable investment in it, including hands-on driver training in some cases.
Victoria is among the leaders in developing educational materials for use in schools and has published thorough-going evaluations of its programs from pre-school through to secondary school. Anthony and Wilcock (1991) found that 55 percent of early childhood centers used Starting Out Safely, a program aimed at developing safe pedestrian and restraint use behaviors for pre-schoolers. The main reasons for not using the programs were pressure of other activities, the cost of the program, or the centers being unfamiliar with the program.
Seventy-eight percent of primary schools included traffic safety education in the curriculum (Anthony, Cavallo, and Crowle 1992). The percentage was highest in large rural schools, and lowest in nongovernment schools in the metropolitan area. The main reasons for NOT providing traffic safety education were other demands of the curriculum, or lack of trained and interested staff. Forty six percent were using "Streets Ahead" or its predecessor, programs aimed at safe pedestrian behaviors, and 38 percent used "Bike-Ed", aimed at developing safe cycling behavior. Some difficulties were reported with Bike-Ed, mainly the problem of finding enough trained adult supervisors for the onroad cycling components.
Traffic safety education was also widely taught in secondary schools, with 88 percent of schools using at least one of the traffic safety lessons developed by VicRoads, and 80 percent using two or more . The most popular units were one on alcohol and driving, and a legal studies unit relating to car ownership and operation. Thirty-nine percent of schools conducted safe cycling programs. At this level the focus would therefore appear to be on preparation for driving rather than safe pedestrian behaviors.
A more recent study of traffic education in general in Victoria indicated that primary schools spent an average 86.8 hours teaching road safety, compared to an average of 57.9 hours in secondary schools (Harrison, Penman, and Penella 1997) . The use of resources varied considerably between years and grade levels. A minority of teachers had negative attitudes toward traffic safety education. Of those who did have negative attitudes, this was largely because of time pressure or an unfavorable view of the materials.
Safe routes to school programs are now firmly established in at least three States. The essence of the programs is a package of measures aimed at reducing the risk encountered in the course of journeys to school through a package of integrated activities, including the promotion of the safest routes, the provision of some low-cost engineering treatments to reduce risk at hazardous locations, and education of the broad school community in the philosophy behind the route and its safe use. Details of the process, funding arrangements, and programs differ from State to State.
In Australia, there appears to be little formal documentation of what has been achieved under safe routes to schools programs. Healy (1995) gives a brief account of the program as it has developed in Victoria. A key driver of the program is the Local Pedestrian Advocate, a member of the road authority's regional staff whose duties include identifying locations with concentrations of accidents involving young children and marketing the program to schools and municipalities. Once a school decides to take on a safe routes to school program, the steps in implementation are:
! A home survey to identify routes and points of difficulty children experience as pedestrians and cyclists. ! Matching survey results with accident data. ! On-site observation. ! Presentation of recommended action to the school and local community before implementation of measures. ! Support for teachers in planning activities to encourage children to adopt safer travel behaviors.
Healy reports that at time of writing, the program had been implemented in 12 municipalities with the participation of over 100 primary schools. However, an evaluation of the program had concluded that crash numbers during the before and after periods were too small to allow statistically reliable conclusions (Tziotis 1994 , cited in Healy 1995).
Other States have adopted similar programs, but there appears to be no definitive evidence that the programs have been effective in reducing crashes. However, safe routes to school have an intuitive appeal and are very effective in achieving a community focus in road safety.
Walk with care
Walk with care is a program provided throughout Victoria which is aimed at improving the safety of elderly pedestrians. Healy (1995) gives a succinct overview of the program. The approach adopted is similar in some respects to that adopted in the Safe Routes to School program in that it focuses on high accident locations, encourages community ownership of the problem, and relies on an integrated approach to tackling well defined local problems. The essential elements of the program are:
! Specially trained volunteer discussion leaders conduct sessions with groups of older residents throughout a municipality to give information about safe ways of using roads and collect information on problem spots.
! A survey is distributed to older persons throughout the municipality to supplement the discussions.
! Council staff determines necessary engineering works on the basis of discussion group outcomes, survey results, and crash statistics.
! Engineering works and safety messages are publicized through local newspapers, information bulletins, and municipal newsletters.
As was the case with Safe Routes to School, an evaluation determined there was insufficient crash data to arrive at reliable conclusions (Tziotis 1994 , cited in Healy 1995 . In view of the difficulty in evaluating such programs by their effects on crash reductions, several alternative means of evaluating future programs have been suggested. These include giving leaflets with information about correct crossing procedures to people crossing the road incorrectly, followed 1 week later by enforcement of pedestrian regulations at the same site, video recording of crossing behaviors, and continuing group discussions at three monthly intervals (Robins, personal communication).
ENFORCEMENT AND REGULATION
The use of enforcement to achieve greater compliance with traffic regulations on the part of pedestrians and cyclists has generally not attracted sustained effort on a large scale by police forces in Australia or elsewhere. Very little literature appears to have been published on the subject, and it is a telling fact that in the latest comprehensive review of traffic law enforcement, running up to 163 pages, pedestrian and cyclist issues do not warrant even a mention or a short section describing the problems associated with this type of enforcement (Zaal 1994 ).
It is fairly evident why enforcement of pedestrian and bicycle regulations are not particularly attractive to police and probably do not constitute a good use of police resources. These would include:
! Low monetary fines for most offenses, hence perceived low importance.
! Many offenses, especially bicycle offenses, are committed by children, can be time consuming to deal with, and may not involve any monetary penalty.
! Pedestrians and cyclists put themselves rather than others at risk when they disobey regulations.
! Many of the offenses require a lot of police time to detect, either because they occur with very low frequency at any particular place or the presence of police deters their occurrence.
! They are not offenses that are amenable to the type of automated enforcement techniques which have revolutionized the policing of speeding, alcohol, and some other types of violations.
SUMMARY AND DISCUSSIONS
Australia now has a relatively good traffic safety performance and, on a population basis, has a lower pedestrian fatality rate than most other developed countries. However, pedestrian crashes continue to be a major and unacceptably high source of deaths and injury. Although this low pedestrian fatality rate is caused by some extent to the heavily car dependent life-style of most Australians, Australia would appear to cater reasonably well for pedestrians in terms of the provision of facilities, driver awareness of and care for pedestrians, and provision of pedestrian programs. It is another question, however, as to whether it could be said to cater well for pedestrians in terms of planning decisions which encourage car use, generate expansion of the urban areas and thereby perpetuate low urban densities that tend to eliminate walking as a viable mode for many trips.
In terms of the pedestrian devices available, Australia would seem to have a full range of treatments available. While major pedestrianization of central city areas has generally been fairly limited, Australia has been a pioneer of traffic calming in the form of Local Area Traffic Management, particularly in residential areas. However, it is not clear that this has produced large benefits in terms of pedestrian safety. Some innovation has been evident in the traffic signals area. Puffin crossings equipped with infra-red detectors to allow slow pedestrians time to complete their crossings look promising although the high cost is likely to limit their application to areas of high need. Pelican crossing are likely to find ready application, and having them set-up for double-cycle operation appears to offer benefits in terms of service to pedestrians, and greater use of the crossings and conformity with signals.
The process of safety audit is now well established in Australia and likely to ensure that new facilities are safer for pedestrians and to reduce the need for costly changes to rectify safety problems once facilities have been built. The process of auditing existing facilities is more problematical, and remedial action for all but the most pressing problems is likely to take some considerable time.
Good teaching materials have been developed to support pedestrian education and other road safety matters in schools, but use of these materials is unevenly spread across the school system. The amount of time and resources dedicated to road safety education is essentially a matter for individual schools. Where Australia has been particularly innovative is in developing the "Safe routes to school" programs, an approach that integrates education with mode and route selection and engineering treatments to develop safe travel behavior and in which pedestrian issues feature prominently. Also worthy of note, although a less fully developed program, is the "Walk with care" program that is designed to raise awareness of pedestrian safety issues among the elderly.
Multi-action programs would appear to be a promising method for addressing pedestrian problems at a local level, and provide a vehicle for integrating many of the strategies and countermeasures discussed above.
